ABSTRACT In this paper, a domestic refrigerator was tested to determine the power consumption for different positions of the shelves. The main contribution of this paper is the application of several strategies to analyze and model the power consumption of a domestic refrigerator when the fresh food shelves are changed of position. First, computer simulations were performed to analyze the power consumption using the moving average, the numerical derivative, and the Fourier transform. These simulations were used to study changes, periodic behaviors, minimum, maximum, and average values for the power consumption. Second, prediction methods were used to model the power consumption, these methods include cubic splines, the bilinear method, and artificial neural networks. With these methods, 2-D color graphs were built to predict the power consumption for any shelves positions. The validation results revealed that the cubic spline method provides the best results. Finally, it can be concluded that the models proposed in this paper provides new insights that can be used to design the internal compartments of the fresh food in order to try reducing the energy consumption.
I. INTRODUCTION
Domestic refrigerators based on vapor compression technology represent one of the main energy consumers in the home, this technology covers about 17% of the total energy demanded worldwide [1] . In Mexico, according to the Trust for Saving Electrical Energy (FIDE in Spanish), the domestic sector demands about 26% of the total national electricity, from which about 30% corresponds to the energy consumption of the refrigerator [2] . In addition, the refrigerator is one of the most manufactured home appliances because its usefulness is essential in homes. Thus, the development of domestic refrigeration requires a comprehensive study of many factors that, in one way or another, contribute to the design of more efficient systems to achieve reductions in energy consumption [3] .
To make better use of energy in domestic refrigerators, some technical developments have been studied. For instance, the compressor is of great interest given that its efficiency maintains the requirements and life expectancy of the system. In this regard, any improvement of the compressor efficiency, as well as the implementation of control strategies to save energy are important aspects to investigate [4] , [5] . Another relevant area in terms of energy savings has to do with adequate thermal insulation of casing and doors, where it is determined the optimal insulation thickness, and thus, minimize the heat loss, [6] , [7] . The enhancement of the heat transfer in the heat exchangers may result in a considerable rising of the refrigeration cycle, and therefore, some reductions in energy consumption can be achieved, [8] - [10] . An alternative option to reduce the energy consumption is through the integration of phase change materials to accumulate thermal energy and stabilize the temperature in the compartments, where some energy savings have been found up to 12% [11] , [12] . In the literature, there are also some studies to optimize the energy consumption of the domestic refrigerator, these are focused on evaluating the effect of varying the refrigerant load, the compressor capacity and the expansion restriction [13] - [15] . In addition, it has been demonstrated that the implementation of different control strategies can reduce the energy consumption of a refrigerator [16] , [17] . Also, in recent years, different types of refrigerants have been widely studied from an environmental and energy point of view [18] .
Others important parameters to consider in the current energy consumption of domestic refrigerators are those operating factors such as ambient temperature, thermostat setting position, food load, door opening frequency and relative humidity. Some of these factors focus on the use of consumer habits [19] . In this regard, the ambient temperature represents the higher effect on energy consumption [20] , [21] . For instance, in an experimental study, it was possible to reduce the energy consumption of a domestic refrigerator through an adaptive method for defrosting [22] , which involved parameters as door opening and the compressor operation mode. On the other hand, the use of mathematical methods to simulate and compare the thermal performance of domestic refrigerators [23] , and the development of models through physical foundations to understand the transient behavior of the refrigerator [24] , are also interesting topics.
Based on the previous arguments, different strategies have been implemented to analyze and achieve reductions in the energy consumption of domestic refrigerators. However, to reduce the energy consumption of a domestic refrigerator and to design efficient models, it is important to understand broadly the energy consumption behavior of these appliances. The energy behavior is also linked to the thermal behavior of the domestic refrigerator compartments, which is influenced by the food load and the usage of space inside the fresh food compartment by the consumer. In this regard, the consumer manipulates the space according to their needs through the position of the shelves, which is a topic of particular interest in this work.
There are no studies related to the energy consumption in refrigerators that include the effect of the positions of the shelves. Thus, the purpose of this paper is to explore the energy consumption due to the positions of the shelves. This study focuses only on the fresh food compartment because this compartment is frequently used and manipulated by the consumer. In this context, mathematical approaches and artificial intelligence techniques are used to simulate the energy consumption in a domestic refrigerator. With this, new ideas about the use and internal design of this type of appliances are presented.
To collect experimental data, a domestic refrigerator was set up with an energy analyzer. The energy consumption was, then, monitored for different shelves positions; these measurements were taken without any food (thermal load) and with the door closed. Note that the internal temperature of the compartments is also related to the internal design of the refrigerator, which is why in this work only the position of shelves is taken into account. The moving average, the numerical derivative and the Fourier transform were used to provide a more comprehensive study about the energy consumption. Finally, the cubic spline interpolation, the bilinear interpolation and Artificial Neural Networks (ANNs) were used to build 2D graphs in order to predict the energy behavior when shelves positions are changed.
II. DESCRIPTION OF THE EXPERIMENTAL REFRIGERATOR
The commercial refrigerator used in this study has a volumetric capacity of 0.28 m 3 and its external dimensions are 169 cm × 61.8 cm × 65.5 cm (height × width × depth). The heat transfer is mainly done by forced-convection since the air flow is moved by a fan located inside of the evaporator. This type of refrigerator is known as top mount.
The experimental refrigerator has two main compartments: the fresh food compartment and the freezer; the refrigerator scheme is shown in Figure 1 . The fresh food compartment has two solid glass shelves, which are adjusted according to the dimension of the groceries, it has also a plastic drawer for vegetables. Therefore, it is possible to arrange them in order to obtain several fixed positions. Also, this compartment has a main duct over the liner leading the distribution of air flow inside the fresh food compartment.
The effect of the spacing between the shelves on the energy consumption of the refrigerator is the main topic of this work. During all tests in this work, the refrigerator doors remained closed until thermal stability was reached in the compartments. During test periods, no defrost process were performed in the refrigerator. Additionally, these tests were VOLUME 6, 2018 made without any thermal load, that is, trying to simulate the design conditions that are typically used during the manufacturing process.
A. INSTRUMENTATION AND MEASUREMENTS
The experimental refrigerator was instrumented in order to measure energy consumption, which was measured with a Fluke 1735 power logger calibrated with a measuring error of ±1.5%. Several tests were performed to analyze the energy behavior of the refrigerator. These tests include the transitory performance during the startup, and the halt of the compressor and the measurements were taken at intervals of 10 s and stored in SD memory card. The refrigerator operated at a constant room temperature of 294 ± 1.5K and with a relative humidity of 60 ± 5%. The tests were done in position 5 of the temperature dial, just like the refrigerator factory settings.
22 fixed positions (tests) were chosen so that the minimum space allowed the use of the compartments without blocking air outlets. These tests were performed with a duration of approximately 8 h (until the thermal stability was reached in the compartments). For this, the refrigerator under study also was instrumented in order to measure temperature in several parts of the compartments. In the fresh food compartment, 11 thermocouples type J (±3 K) were placed inside containers of 0.245 liters with a mixture of 50%/50% in volume of water and glycol. These containers were distributed on the glass shelves, the vegetable drawer and the door shelves. These thermocouples were connected to a data acquisition system NI 9211 coupled to a NI cRIO 9030 chassis. This acquisition system was integrated with a computer running the LabView software. The reading and storage of the data were performed every 10 seconds.
The tests involved the manipulation of the spacing between the shelves (see Figure 1 ) in order to analyze and simulate its influence over the energy behavior of the refrigerator. In Figure 1 , it can be seen that λ indicates the distance from the first shelf to the upper part of the compartment, while ξ represents the distance from the other shelf to the same reference point. The initial positions of the shelves (as they are when shipped out of the factory) were 24.5 cm and 49.5 cm for λ and ξ , respectively. This combination is shown in bold in Table 1 and it was used as reference. These combinations were chosen so that the free space could be useful. That is, the free space should be enough to at least fit a small piece of food. Table 1 indicates the shelf configurations used in this study, including the results in relation to energy consumption measured for each configuration for a better appreciation. The first two columns in this table show the distance from the top of the fresh food compartment to each shelf. Note that when these two values are equal, the experiment is performed only with one shelf. The third and fourth columns display the power average and the power variance for all measured samples that were collected during the test. The last column in this table shows the total energy consumed during the complete test. Observe that in this type of refrigerator, the compressor is manipulated by an ON/OFF control system, therefore the minimum value for the power consumption is always zero. The maximum value for the power consumption is determined by the current peak occurring during the startup of the compressor. These two values, the minimum and the maximum, are not affected by the position of the shelves, and therefore, they were not included in Table 1 .
III. THEORETICAL CONCEPTS
In this study, the use of several mathematical methods as well as one technique from artificial intelligence are proposed. Therefore, this section includes background information to analyze, simulate and predict the power consumption of a domestic refrigerator. Additionally, the main concepts of Artificial Neural Networks (ANNs) are introduced.
A. MOVING AVERAGE
In statistics, a moving average system produces an output sequence of valuesx[n] from an input sequence x[n]. The output sequencex[n] is obtained by creating a sequence of averages of several subsets (all of them of size A) from the input data x[n] as shown in Eq. 1
The size of each subset is also known as the size of the window, in this case, A. The moving average is commonly known as running average because it can be computed on a system that operates continually. The frequency response of the moving average system is given by
where ω is the angular frequency in radians and j = √ −1. This system can be seen as the cascade of two digital systems, see [27] . The first system
imposes a frequency-domain amplitude weighting that attenuates components of high frequency. Figure 2 shows the frequency response of this system for three values of A. From this figure, it can be seen that H 1 (e jω ) has a low pass frequency response. Observe also that the width of the highest amplitude lobe becomes smaller when A increases, it will be shown later how the value of A may be adjusted to analyze the energy consumption of the refrigerator. The second system
represents a linear phase term that is not important for the energy analysis in this paper, because the amplitude of an exponential is one, this term is not important, and consequently, this term does not increase or reduce the energy consumption.
B. NUMERICAL DERIVATIVE
In the field of mathematics, numerical methods to estimate the derivative of a function are based on finite differences. Specifically, there are three forms of finite differences: forward, backward and central. To understand how finite differences can be used to approximate derivatives consider the derivative of a function f (x):
It can be shown that for some considerations on x in Eq. 5, the forward difference divided by x approximates the derivative of the function when x is small. Actually, formulas for the derivatives of a function can be obtained, see [25] , and these formulas were used in this work to compute the derivative of the energy consumption. For this specific application, the derivative of the energy consumption provides a direct method to analyze energy consumption changes and tendencies through the duration of the day.
C. FOURIER TRANSFORM
A time series is a collection of samples of a variable measured at different times [26] . For most applications, it is assumed that the measurements are taken at equally spaced time intervals. Because the data in the series is spread out across time, the series is in the time domain. In this paper, the power consumption is measured at equal time intervals, and therefore, the power consumption series is in the time domain. There are, however, other domains that can be used to accurately express the same information. For instance, the Fourier transform can be used to express a time series in the frequency domain, that is, the Fourier transform decomposes a time series into the frequencies that make the series up. This work analyzes the power consumption of a refrigerator using the Discrete Fourier Transform (DFT) express by
A quick inspection to Eq. 6 reveals that the DFT transforms a sequence of N complex numbers
where each X p includes the amplitude and the phase of a complex sinusoidal component of the time series x n . In this case, the Fourier Transform can be used to analyze the periodic behavior of the energy consumption in a refrigerator, and consequently, compare the total energy consumption for several shelves positions.
IV. INTERPOLATION METHODS FOR TWO VARIABLES
To perform an interpolation, it is necessary to have a set of points λ 1 , λ 2 , . . . , λ N and the values of a function f (λ) at these points, that is f (λ 1 ), f (λ 2 ), . . . , f (λ N ). Interpolation is the process to estimate f (λ) for an arbitrary λ that is in between the smallest and largest value in the set of points, [28] . The process of interpolation may be based on: polynomials, rational functions or trigonometric functions. From a practical point of view, linear interpolation, Lagrange interpolation (evaluated through Neville's algorithm) or cubic spline interpolation are common interpolation techniques. When a parameter is a function of two variables, the desired value is interpolated using a 2-dimensional grid of tabulated values. Figure 3 .a shows how 2-dimensional interpolation is performed. In this type of interpolation, it is desired to estimate f (λ, ξ ) for given pair of values λ and ξ with
Interpolation in 2 dimensions can be accomplish by using a sequence of unidimensional interpolations as it is described in Figure 3 .a. First, the value of f (λ, ξ 1 ) is estimated using the values of f (λ 1 , ξ 1 ), f (λ 2 , ξ 1 ), . . . , f (λ N , ξ 1 ). Second, the value of f (λ, ξ 2 ) is estimated using the values of
have been computed using unidimensional interpolations. Finally, the desired value of f (λ, ξ ) is estimated from these values using one last unidimensional interpolation. Notice that this same procedure can be used to extend any unidimensional interpolation method to two dimensions. As λ and ξ are the positions of each shelf, this interpolation method can be used to explore the energy consumption behavior in a domestic refrigerator.
A. CUBIC SPLINE
A cubic spline is constructed of piecewise third-order polynomials. This type of interpolation requires a set of cubic splines to estimate the desired value. The main goal of cubic spline interpolation is to get an interpolation function that has a smooth first derivative, and a continuous second derivative, both within an interval and its boundaries [28] . In many applications, spline interpolation is frequently preferred over polynomial interpolation because the interpolation error may be small even when third degree polynomials are used. Consequently, cubic splines may interpolate better than high degree polynomials. In fact, splines tend to be more stable than polynomials, and therefore, they have less probability of wild oscillations between the tabulated values.
As it was mention before, the method of cubic spline can be extended to interpolate in two dimensions by using a series of interpolations in one dimension. In this sense, the method cubic spline can be extended to perform interpolation in multiple dimensions. Specifically, an interpolation in three dimensions can be performed by making a series on two dimension interpolations. The same concept can be recursively applied.
B. BILINEAR INTERPOLATION
The bilinear interpolation is an alternative method to perform 2D interpolation which considers multiple values near the location of interest as shown in Figure 3 .b, see [28] for more details. In this type of interpolation, it is desired to estimate the value of f (λ, ξ ) based on the four adjacent points: and f (λ n+1 , ξ m+1 ). These points are chosen so that
for this case, the value of f (λ, ξ ) can be interpolated by
where
and
One nice property of the bilinear interpolation is that the interpolated function value changes continuously. However, the gradient of the interpolated function changes discontinuously at the boundaries of each grid square as indicated in [28] .
To interpolate in three dimensions, the trilinear interpolation method can be used. This method interpolates values on a 3-dimensional grid to approximates the value of an intermediate point. The same concept can be used to extend this method to more dimensions.
C. ARTIFICIAL NEURAL NETWORKS
An artificial neural network, ANN, is a computational method inspired in biologic processes and is typically used to solve problems that are difficult for computers or humans. Because an ANN has a set of inputs and outputs, it can be considered a black box model. ANNs are organized in layers: the input layer, the output layer and a set of hidden layers. In this study, the modeling of the energy consumption was performed using only one hidden layer because this configuration provided the best results, that is, the ANN model predicted energy values that were very close to the measurements. In order to test the validity of the proposed model, a multi-layer feedforward neural network was created, trained and validated using the Neural Lab software, [29] . For these simulations, the neural network was trained using a combination of simulated annealing with 100 temperatures and 100 iterations per temperature. Then, the method of the conjugate gradient with 1000 iterations was used. These values were adjusted until an acceptable error was obtained for training and validation.
In Neural Lab, it is possible to set the number of neurons in each layer. A neuron is a processing unit that receives signals from other neurons and generates a single output signal (the power consumption in this case) as it is shown in Figure 4 . The network in this figure has two inputs, the position of shelf 1 (λ) and the position of shelf 2 (ξ ). The number of neurons in the hidden layer G was adjusted to avoid over-fitting, see [30] ; thus 7 neurons in the hidden layer were used.
One of the main benefits of ANN is that they can be easily expanded to multi-dimensions by increasing the number of inputs of the network. Thus, extend the analysis of the refrigerator using ANNs to a more general number of shelves is straightforward.
V. COMPUTER SIMULATIONS
This section is divided into two main parts: the power data analysis and the energy consumption modeling of a domestic refrigerator. In the first part, the power is analyzed using computer simulations, and this analysis is based on: the derivative, the frequency study and the moving average. In the second part of this section, the modeling of the energy consumption is presented using color 2D graphs through cubic splines, bilinear interpolation and ANNs.
A. POWER DATA ANALYSIS Figure 5 .a illustrates a typical power consumption of a domestic refrigerator as a function of time. Note that measurement tests were collected without any thermal load and with the door close. All experiments began at room temperature, approximately 21 • C. The temperature control dial was set to 5 (medium value) and each experiment was performed using a specific set of shelves positions see Table 1 . For illustrative purposes, the results for only one set of shelves position are displayed in this section; similar behaviors were obtained for other shelves positions.
The results for one specific experiment (with the shelves located at 24.5 cm and 54.5 cm respectively) are shown in Figure 5 .a. Once the equipment was ready, measurements were taken every 10 seconds using a power meter. In this figure, it can be observed the ON-OFF cycles during the duration of the test, at the beginning of each cycle there is a high power peak due to the normal behavior of the electric motor. Observe also that the first cycle is larger than the next ones because of the refrigerator startup. From the figure, it can also be seen that the power of this refrigerator is approximately 120 watts during the ON state.
1) POWER DERIVATIVE
As it was indicated in Subsection III-B, the derivatives in this work were computed using the formulas in [25] . In order to illustrate how the power derivative can be used to analyze the power consumption, the derivative of the power in Figure 5 .a was computed. Figure 5 .b displays the power derivative (in watts per second) with respect to the time when shelves are located at λ = 24.5 cm and ξ = 54.5 cm respectively. This kind of graph illustrates how the power changes during the normal operation of the refrigerator. At the beginning of the experiment, it can be observed a peak with a value of 16 watts s −1 (Time ≈ 0 hours), indicating that during the startup of the refrigerator the power increases around 16 watts s −1 during the first second. After this peak, the derivate remains constant with a value of zero during 1.3 hours, which indicates that during this period the power does not change. At around 1.3 hours, the power derivative changes to −7 watts s −1 indicating the end of the ON state and the beginning of the OFF state. The OFF state lasts approximately 26 minutes, which can be observed from Figure 5 .b when the time is 1.8 hours. At around 1.8 hours, there is a positive peak of 16 watts s −1 and a negative peak of −3 watts s −1 . The first peak represents a high transition in power during the startup of the compressor, and the second peak indicates that the power immediately decreases until it reaches a value of approximately 120 watts, see Figure 5 .a. After this time (1.8 hours), the power remains constant during the ON state, note that the derivative does not exhibit any changes during this state. The behavior of power derivative is somehow similar until the end of the experiment. There are, however, some slight changes in the amplitude of the peaks in the power derivative. These changes are due to either the power meter resolution during transients or to the normal behavior of the electric motor of the compressor. consumption and analyze the energy behavior, the Fourier Transform can be used. Figure 6 shows the power consumption of the refrigerator as a function of the frequency for three different shelves positions. These configurations are displayed in three different colors: blue (λ = 49.5 cm, ξ = 54.5 cm), green (λ = 38.5 cm, ξ = 49.5 cm) and red (λ = 29.5 cm, ξ = 54.5 cm). Note that these configurations were chosen because they include the minimum, an intermediate and the maximum value for the power consumption. Each graph in Figure 6 displays the periodic behavior of the power consumption of the refrigerator. For instance, the blue graph has three main frequency components: 0 cycles hour −1 (49 watts), 1.4 cycles hour −1 (29 watts) and 2.8 cycles hour −1 (16 watts). The first component (located at 0 cycles hour −1 ) represents a continuous power consumption because its frequency value is zero, that is, the power remains constant over a long period of time. In order to compare the power consumption for these three shelves positions, the amplitude of the first frequency component must be used. For the blue combination, the power of the first component is 49 watts, for the green shelves combination the power consumption is 54 watts, and for the red shelves combination the power consumption is 60 watts. In fact, for all the shelves combinations that were tested in this study, the shelves position that had the greatest power consumption was the one displayed in red (λ = 29.5 cm, ξ = 54.5 cm). Observe that because of the tests were performed from the beginning to the end (thermal stability) with a closed door, the frequency components describing the periodic behavior of the power consumption are very similar for the three combinations. Thus, it can be concluded that the Fourier Transform may be used to infer the shelves position that represents the greatest power consumption. Additionally, the Fourier transform can be used to detect problems in the system by analyzing the periodic behavior of the power consumption.
3) MOVING AVERAGE Figure 7 shows the moving average for the power consumption for three different window sizes: A = 220, A = 280 and A = 340. For the test in this figure, the shelves were located at 24.5 cm and 54.5 cm respectively, note that these positions are the same ones that were used in Figure 5 .a. All experiments were performed using a sampling frequency of six samples per minute. Thus, to compute the duration of the window in minutes, the window size A can be divided by the sampling frequency to obtain the respective window duration in minutes: 37 min, 47 min and 57 min. The graph at the top of Figure 7 shows the power consumption for a window size A of 220 (37 minutes); it can be seen that the window size is not appropriate to obtain a constant power consumption. The graph in the middle was computed using A = 280 (47 minutes); in this case, the window size is optimum as the oscillations in the power are greatly reduced. Finally, the graph at the bottom shows the power consumption for a big window, A = 340 (57 minutes), note that this value is not optimum. The main advantage of the moving average is that it can provide a continuous value that represents the power consumption of the refrigeration at any moment. Therefore, the moving average can be used to identify what shelves position consumes more power.
B. ENERGY CONSUMPTION MODELING
In this section, the three methods previously discussed in Section IV are used to predict the energy consumption for different shelves positions in a domestic refrigerator. The first method, cubic spline, was described in Subsection IV-A and the values in Table 1 were used to estimate the energy consumption for different shelves positions. Figure 8 shows the modeling of the energy consumption using the cubic spline method. The computer simulations began by keeping constant one shelf position while slightly moving the other shelf, for each position the method of cubic spline was used to interpolate the respective energy consumption value. The simulation was performed until all possible shelves positions were analyzed, and the corresponding results are shown in Figure 8 . In this figure, λ in the vertical axis represents the position of shelf one, and ξ in the horizontal axis represents the position of shelf two, see Figure 1 . The energy consumption is displayed using a color scale, where a dark blue color represents a value of around 390 Watts-h, a green color represents a value of 420 Watts-h and a red color represents a value of 450 Watts-h. The reference position (as it is when the refrigerator is shipped out of the factory) is displayed by the arrows in Figure 8 , λ = 24.5 cm and ξ = 49.5 cm. In this figure, the experimental measurements are indicated by the black circles. Observe also that because there is no distinction between shelf one and shelf two, Figure 8 is symmetric. The main contribution of the color graph is that it provides a direct way to identify the shelves position that requires less energy consumption. A quick inspection of Figure 8 reveals that there are two possible regions that require less energy consumption. One is produced when λ = 22 cm and ξ = 33 cm, and it is displayed in blue; this represents the lowest energy consumption, 390 Watts-h. The other region is located at λ = 49.5 cm and ξ = 54.5 cm; this represents about 391 Watts-h, however, in this case, the space between the shelves is so small that very few pieces of food would fit inside it. On the other hand, other shelves positions may produce a high energy consumption, such regions are displayed in fuchsia color (around 465 Watts-h), i.e., λ = 10 cm and ξ = 32 cm. Figures 9 and 10 show the modeling of the energy consumption using the bilinear interpolation and the ANN, respectively. In order to create the graph in Figure 9 , computer simulations were used by keeping constant one shelf position while moving the position of the other shelf, for each position a bilinear interpolation was used to estimate the energy consumption. The simulation was ended until the energy for all possible positions was estimated. To create the graph in Figure 10 , a training set was build using the measurement tests, and the ANN was trained using typical algorithms in the field of artificial neural networks. After the network was trained, each possible position for the shelves was introduced to the ANN, and the respective output of the network was an estimation for the energy consumption in order to build the graph in Figure 10 .
A quick inspection of the energy prediction of the three models reveals that the three models have a similar behavior. For instance, the bilinear interpolation method displays a very small blue region, that is, a very small region with low energy consumption. However, the other two models (cubic spline and ANN) display a bigger blue region than the bilinear method does. Additionally, it can be observed that the three models predict a high energy consumption when both shelves are located so that λ > 30 and ξ > 30; this behavior is displayed by a region with the colors: red, orange and fuchsia. There are, however, other regions with high energy consumption as it can be noticed from these figures. Finally, it can be observed that the ANN model has abrupt color changes, implying that this model is very sensitive to the position of the shelves. Note that it is possible that the ANN model can be improved if more measurement tests are available. Thus, it can be concluded that the cubic spline method represents an intermediate method between the ANN method and the bilinear method because it is of the third order. While the bilinear method uses a linear approximation and the ANN method uses a high order approximation.
In order to validate the three methods proposed in this study, two test measurements were used. These two tests are indicated by a star in Figures 8, 9 and 10. Table 2 shows the prediction and the experimental value for the two measurement tests. The first row includes the values for the validation 1 (λ = 20 cm, ξ = 20 cm), the value in the second column is the actual measurement magnitude, in this case, 440 Watts-h. The remaining columns in the same row are the predicted values for the three models. It can be seen that the cubic spline and the bilinear methods obtained a very close value to experimental value; while the value predicted by the ANN is a little far from the experimental value. The second row shows the results for the validation 2 (λ = 10 cm, ξ = 45 cm). In this case, the cubic spline method and the ANN produce very good estimations for the energy consumption, while the bilinear interpolation method produced a value slightly higher than the experimental value. Thus, it can be concluded that the cubic spline method provides a better estimation for the energy consumption than the other two methods when the shelves positions are changed inside a domestic refrigerator. However, note that in this study the Lagrange interpolation method was not used because the interpolation results were not very satisfactory.
VI. CONCLUSIONS
An experimental test bench was set up to measure the energy consumption of a domestic refrigerator. Several tests were performed by changing the position of the shelves inside the fresh food compartment. Then, some mathematical strategies were used to analyze the collected data in order to explore and predict the energy behavior of a domestic refrigerator. The numerical derivative was used to examine changes in the energy consumption. The moving average was used to observe the average energy consumption. The Fourier Transform was used to inspect the periodic behavior of the energy consumption. To save energy, the computation of the moving average can be integrated into a domestic refrigerator to provide immediate feedback to the user. Additionally, this study includes three methods to predict the energy behavior of a domestic refrigerator when the shelves are changed of position. The method of cubic splines provided the best results when compared with the bilinear method and the artificial neural network model. The bilinear method provided similar results to the neural network model. It is important to note that the analysis and results of this study were derived using only one type of refrigerator design. Generalization of these results to other types of domestic refrigerators perhaps not be appropriate. However, this kind of analysis can be extended to other designs of refrigerators, if more data is available. Finally, the models proposed in this study provide new concepts to understand and predict the energy behavior, and therefore, may offer options to save energy. 
